Objectives: To report prevalences of overweight and obesity in a large sample of American Indian children from a survey in [2002][2003], and to evaluate the change in prevalences since 1995-1996 when children on the same reservations were measured.
T

HE HIGH LEVELS OF OVER-
weight and obesity among US children are a major public health concern. The National Health and Nutrition Examination Survey (NHANES) data have shown steady increases in child and adolescent overweight and obesity during the past 2 decades. [1] [2] [3] The NHANES data also indicate continuing disparities between racial and ethnic groups in the prevalence of obesity, with rates considerably higher for ethnic minority youth compared with white youth. [1] [2] [3] In NHANES data from 1999 to 2002 for youth aged 6 to 19 years, 28% of white youth, 35% of African American youth, and 40% of Mexican American youth had a body mass index (BMI) (calculated as weight in kilograms divided by the square of height in meters) greater than the 85th percentile for age and sex. 3 Recent analyses from the National Longitudinal Survey of Youth, a prospective cohort study from 1986 to 1998 among 8270 children aged 4 to 12 years, found that while overweight increased significantly and steadily among African American, Hispanic, and white children, overweight prevalence was greatest and increased most rapidly among minority children. 4 Another group at high risk for overweight and obesity is American Indian children. Overweight and obesity rates for American Indian children, adolescents, and adults tend to be notably higher than corresponding rates for the general US population. 5, 6 While several studies have examined the prevalence of overweight in American Indian children, most of these have had relatively small sample sizes and have not been population-based studies.
Relatively few large studies have been conducted with American Indian youth. In 1990, a national survey on height and weight status of 9464 American Indian schoolchildren (aged 5-18 years) living on or near Indian reservations was conducted by the Indian Health Service (IHS), the Centers for Disease Control and Prevention, and tribal nutrition programs in 9 IHS service areas. 7 The overall preva-lence of overweight in the American Indian children (BMI, Ն85th percentile of the reference population) was 39% for age and sex according to NHANES II reference data. In 1995-1996, our group conducted a large study on overweight and obesity prevalence in American Indian school children through the Aberdeen Area IHS and involved children from 16 tribes in 4 midwestern states. 8 Height and weight were measured on 12 559 Indian children aged 5 to 17 years attending 62 schools on or near reservations in South Dakota, North Dakota, Iowa, and Nebraska. Age-adjusted prevalences of overweight (BMI, Ն85th percentile for NHANES II) were 39% for boys and 38% for girls. The age-adjusted prevalences of obesity (BMI, Ն95th percentile) for boys and girls were 22% and 18%, respectively. These as well as other studies have all shown a high prevalence of obesity among American Indian youth. 6, [9] [10] [11] [12] Indeed, obesity has now emerged as one of the most serious public health problems facing American Indian children and adolescents. Because of the secondary health consequences of obesity, including cardiovascular disease and type 2 diabetes mellitus, there are grave implications for both the immediate and long-term health of American Indian youth. 13 Accordingly, there is a need to monitor overweight trends in American Indian children. The NHANES data have shown continuing increases in overweight among US children and youth. 1 Unfortunately, NHANES does not include American Indians living on reservations in its sampling design. The aims of this study were (1) to assess overweight and obesity in a large sample of American Indian school-aged children and adolescents living on or near reservations in the Aberdeen Area IHS area and (2) to investigate recent changes in the prevalence of overweight and obesity compared with the study conducted in 1995-1996 with children on the same reservations.
METHODS
The analyses included data from 2 surveys of children attending primary and secondary schools at which at least 50% of enrolled children were identified as American Indian and that were located on or near the reservations included in the Aberdeen Area IHS. This IHS comprises 18 tribes in North Dakota, South Dakota, Nebraska, and Iowa.
For estimating current prevalences of overweight and obesity, data obtained during the 2002-2003 school year were used. Height and weight data were collected on 11 538 children attending 55 schools on 12 reservations (survey 2). For evaluating secular changes in prevalences, data from the most recent survey for children living on 8 of the reservations from survey 2 were compared with data from a sample of children living on the same reservations who were measured in 1995 and 1996 by the same measurement team (survey 1). 8 The samples were limited to children from 5.00 to 17.99 years of age at the time of measurement, and to children who identified themselves or who were identified by teachers as American Indian. Cases with extreme values of height or weight were excluded if measurements exceeded the median±3 times the interquartile range, calculated within whole-year, sex-specific groups. 14 After the exclusions, the sample from survey 2 used to estimate current prevalences included data for 5508 boys and 5313 girls. For estimating secular changes in prevalences, the samples included 4763 boys and 4727 girls from survey 1 and 4835 boys and 4632 girls from survey 2. There were no significant differences between prevalences of overweight and obesity estimated from the subset of children in survey 2 used for the secular-change analyses and the complete sample in survey 2.
All children were measured by the same 7 trained individuals following the same protocols, and all measurements were standardized according to a gold-standard measurement. Weights were obtained with electronic scales (Seca Corp, Columbia, Md), which were regularly calibrated. Heights were measured with a stadiometer (Acustat; Ross Laboratories, Columbus, Ohio). 15 Informed parental consent was obtained according to individual school policies. In some schools, measurements were incorporated into regular health-screening activities. All procedures were approved by the appropriate institutional review boards for tribes and the IHS.
Overweight was defined as BMI at or above the 85th percentile for age and sex, based on the Centers for Disease Control and Prevention 2000 growth charts, 16 and obesity was defined as BMI at or above the 95th percentile according to the same reference. Exact BMI percentiles were calculated with Epi Info 2000 computer software (Centers for Disease Control and Prevention, Atlanta, Ga).
The prevalences of overweight and obesity from survey 2 calculated within single-year age groups were compared with recent national data available from NHANES 1999 to 2002 1, 3 for children of all racial or ethnic groups. Prevalences for NHANES data were calculated using the case weights provided to account for the probability of sampling.
Prevalences were estimated and analyzed by coding overweight and obesity as separate dichotomous variables (0 and 1), based on the BMI percentile cutoffs specific to age and sex. This approach to estimating prevalences provides means that are unbiased estimates of prevalence for groups, and binomial distributions that approximate normality because of the large sample sizes. 17 Prevalences of overweight and obesity were calculated within whole-year age groups (eg, 10 years = 10.00-10.99 years) within each sex.
For analyses of the secular changes between surveys, mixed models were fitted . The dependent variable was status as overweight or obese (0 or 1). Survey, sex, and whole-year age group were fixed categorical independent variables, and reservation was included as a random categorical variable to account for possible similarities within reservations for overweight and obesity. 18 All interactions among independent variables were evaluated. Adjusted prevalences within groups were estimated as the least squares means from the fully adjusted mixed models.
RESULTS
The prevalences of overweight and obesity among the American Indian children measured in 2002 and 2003 are presented in Table 1 . In general, the prevalences of overweight and obesity were slightly greater in boys than girls until the early teen years, when the trend reversed. At 5 years of age, more than 40% of the American Indian children had BMIs equal to or greater than the 85th percentile and almost one quarter of them had BMIs that equaled or exceeded the 95th percentile. At 11 years, more than half of the American Indian children were overweight.
Prevalences of overweight and obesity in the American Indian children are compared with corresponding prevalences for all US children in Figure 1 and Figure 2 . At almost every age, the prevalences of both overweight and obesity among American Indian children were greater than those for their national peers at corresponding ages. At 5 years of age, the prevalence of overweight in American Indian boys was almost twice that for all US boys (47.4% vs 25.7%).
The adjusted prevalences from the mixed-model analysis of variance testing for overall changes between survey 1 (1995) (1996) and survey 2 (2002-2003) for children living on the same 8 reservations are presented in Table 2 . There were statistically significant increases in prevalences of overweight (PϽ.001) and obesity (PϽ.001) during the time between the 2 surveys (5-7 years). Also, there were significant main effects for sex (overweight, P=.02; obesity, PϽ.001) and age (overweight, PϽ.001; obesity, PϽ.001), but not for the interactions between survey and age (overweight, P=.10; obesity, P=.58), nor for any other interaction terms. The lack of significant interaction terms with survey indicates that there were no substantial differences between sexes or among the age groups in their patterns of secular change in prevalence of overweight and obesity. The adjusted prevalences (Table 2) indicate that the absolute changes in prevalences between surveys were 4.5% and 4.3% for overweight and obesity, respectively.
The data for boys are presented in Figure 3 as an example of the age-related patterns in the changes in prevalences of overweight and obesity among the American Indian children between surveys. Secular increases occurred at almost all ages, and to a generally similar degree for overweight and obesity at most ages. The secu- ) by age groups.
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COMMENT
The age-adjusted prevalences of overweight (BMI, Ն85th percentile) among these American Indian children aged 5 to 17 years during 2002-2003 were 48.1% in boys and 46.3% in girls. Corresponding prevalences for obesity (BMI, Ն95th percentile) were 29.4% and 26.1% for boys and girls, respectively. These levels are very high and indicate substantial health risk. 6 Although direct comparisons with previous studies in American Indians are complicated by the use of slightly different earlier BMI cutoffs, we are aware of no studies of American Indian children reporting higher prevalences of overweight and obesity. 6, 19 We believe that the high prevalences among the current sample of American Indian children primarily result from the recency of the data for this cultural/ethnic group with markedly increasing prevalences over time. 19, 20 The BMI and body composition data from the study by Caballero et al 21 indicate that percentage of body fat and obesity prevalences for American Indian children from the Aberdeen area in 1995-1996 did not differ appreciably from those of children in 5 other national tribal groups.
The prevalences of overweight and obesity among American Indian children in this study systematically exceeded those for the most recent data available for all US children (Figures 1 and 2 ). Some recent national data are available for comparisons according to sex and race or ethnicity. 1 American Indian children aged 6 to 11 years exceeded each racial or ethnic group described nationally in point prevalences for obesity (boys, 29.8%; girls, 25.7%) but were probably within the confidence intervals of the estimates for the racial or ethnic groups with the highest prevalences: Mexican American boys (27.3%) and black or African American girls (22.1%). 1 The older American Indian children (12-17 years) had prevalences of obesity (boys, 27.4%; girls, 26.8%) similar to those for Mexican American boys (27.5%) and black or African American girls (26.6%), the sex and racial-ethnic groups with the highest reported prevalences in the national survey of children aged 12 to 19 years. 1 The age-specific data in Table 1 indicate a general trend of increasing prevalences of overweight and obesity from ages 5 until 11 years in boys and 12 years in girls, after which the prevalences generally decreased through the later adolescent years. Nevertheless, because the data are cross-sectional, any age-related changes in prevalences that might be interpreted as developmental are completely confounded by the secular changes that occurred. The data from the earlier survey 1 (1996-1997) of American Indian children 8 did not evidence such a marked age-related pattern in prevalences of overweight and obesity, nor do the data from the NHANES surveys for boys (Figures 1 and 2) . We favor an interpretation of this apparent age pattern as a manifestation of the secular increases in prevalences of overweight and obesity that have become more apparent in the younger children, who, if observed longitudinally, would most likely continue their high prevalences rather than becoming less at risk as they pass through adolescence. Notably, the survey ϫ age interaction terms in the analysis of variance models were not statistically significant, so secular changes in the age patterns of prevalences were not greater than would be expected by chance.
We restricted our analysis of secular change to children living on 8 reservations that were included in both surveys to minimize the possibility that differences between surveys might have been due to sampling issues. It is likely that some children who were younger than 10 years at the time of survey 1 were included at an older age in survey 2 as well. Because of the sampling design, we are unable to identify specific children in the 2 surveys. This likelihood of including some of the same chil- dren does not invalidate any conclusions regarding secular increases in overweight and obesity. Our statistical methods allowed for such correlations between surveys in the tests of significance. Our analyses demonstrated statistically significant increases in prevalences of overweight and obesity during the past 10 years. If the midpoint years of surveys 1 and 2 are used and both sexes are considered, the prevalences of overweight and obesity increased by approximately 4.5% and 4.3%, respectively, or approximately 7.5% to 7.2% per decade. These rates of secular increase per decade are greater than those observed for all US children aged 6 to 11 years (4.6%) and 12 to 19 years (5.9%) during a similar period before the 1999-2000 survey. 1 Careful inspection of the results in Table 2 indicates that almost all of the secular changes in the prevalence of overweight (BMI, Ն85th percentile) were due to a shift in the portion of that group that constitutes the prevalence of obesity (BMI, Ն95th percentile). For example, between survey 1 and survey 2, the proportion of children whose BMI was at the 85th through the 94th percentiles increased by 0.2%, while those with BMI at or above the 95th percentile increased by 4.3%. This means that there was not only a secular increase in the proportion of children who were overweight or obese, but also an increase in severity of the obesity.
According to the 2000 US census, there are approximately 1 693 000 children 5 to 19 years of age who are all or part American Indian. If the prevalences and secular increases in our samples of American Indian children are considered representative of all American Indian children in the United States, approximately 799 000 school-aged American Indian children nationwide are currently overweight or obese, and the number is increasing by approximately 12 700 each year. These numbers probably underestimate the magnitude of the problem because they are based on the year 2000 and do not take into account population growth.
Our analyses indicate that American Indian children are at particularly high risk for the adverse sequelae of overweight and obesity 6, 22 and that the problem continues to become more grave. Given that obesity tracks from childhood to adulthood, has adverse effects on risk factors for cardiovascular disease and other chronic diseases, and is associated with the rapid increase in type 2 diabetes mellitus, the results of our study are alarming. Recent studies have documented a 30-fold increase in type 2 diabetes in American Indian children and adolescents. 23 Obesity is highly related to the development of type 2 diabetes; up to 85% of children and adolescents with diabetes are overweight. [23] [24] [25] Clearly, American Indian children should be identified along with Mexican American and African American children as a high-risk population, and special efforts are required to alter the progression of overweight and obesity. While the problem of overweight and obesity affects American Indian children of all ages, it appears early in life. At age 5 years, 44% of American Indian children in the present study were already overweight. A recent longitudinal study with 139 Pima Indian children found that early childhood obesity at age 5 years was the dominant predictor of obesity at age 10 years. 11 It is not clear at what age overweight and obesity begin in American Indian children, but primary prevention probably should begin at ages younger than 5 years.
Obesity is a multifactorial condition stemming from complex interactions between genetic and environmental factors. Dietary and physical activity behaviors are potentially modifiable and can be targets for change in obesity prevention and intervention efforts. Culturally tailored strategies are needed to increase physical activity and encourage healthy eating among children and their families. Efforts are also needed to produce an environment that supports healthy eating and physical activity in the community. Many reservations are economically impoverished. Poverty and living in low-income communities limit access to healthy foods. 26 To successfully combat the obesity and diabetes epidemics and help children achieve healthy weight trajectories, low-income families and communities need supportive environments with increased availability and affordability of healthier foods, such as fruits and vegetables, in grocery stores, convenience stores, commodity distribution sites, and schools. Increased play and physical activity opportunities are needed. We believe prevention of obesity in American Indian children and youth must be a public health priority. American Indian children often have been overlooked when groups at risk are identified, perhaps because they have not been adequately sampled in many surveys. Without immediate intervention, all indications are that the current generation of Indian children will face an increased burden of obesityrelated chronic diseases, including type 2 diabetes and heart disease, at increasingly younger ages, which will have devastating effects on American Indian communities.
Since American Indian reservations are not included in the NHANES sampling surveys, there is a need to strengthen and develop surveillance systems to assess heights and weights in American Indian youth and monitor trends in obesity within and across reservations. Prevention and intervention efforts will be enhanced by more studies that examine the behavioral, social, genetic, and environmental factors that contribute to the development of obesity in American Indian children.
If you want to see what children can do, you must stop giving them things. 
